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a  b  s  t  r  a  c  t
Purpose  of the  study:  Dual  mobility  systems  with  retentive  acetabular  liners  have  been  used  in clinical
practice  for  total  hip  arthroplasty  since  1976.  The  dual  mobility  system  preserves  a wide  range  of  motion
while  providing  greater  stability.  This  study  measured  wear  on  the  concave  and  convex  surfaces  of 40
retrieved  polyethylene  liners,  to evaluate  the  advantages  of  this  system  in  relation  to  wear.
Material  and methods:  Forty  polyethylene  inserts  that  had  been  removed  due  to  infection  or  mechanical
failure  after  a  mean  8 years  were  analyzed.  The  mean  age  of  patients  at  arthroplasty  was  46  years  old.
Macroscopic  analysis  was followed  by  surface  analysis  with direct  measurement  of changes  in  the cur-
vature  radii.  The  internal  concave  surface  was  measured  in  three  dimensions  using  a  4-mm  stylus (BNH
706).  External  convexity  was  measured  by lateral  projection.  The  estimated  error  was ± 5 m  for  both
measurement  methods.  Manufacturers’  tolerance  for these  implants  was  approximately  50  m. Linear
wear and  wear  volume  was  determined  by comparing  the  measured  dimensions  with  the  theoretical
dimensions  of  new  liners.
Results:  Macroscopically,  all of  the  pieces  studied  had  lost  the  initial  machined  grooves  on  the  convex
surface;  40%  of the pieces  showed  visible  wear  of  the  retentive  collar.  Mean  annual  convex  surface  wear
was 9  m  (SD  9 m)  and  73 m (SD  69 m)  for the concave  surface.  Mean  total  wear,  which  was  the  sum
of  the  wear  on the  convex  and  concave  surfaces  was  82  m (SD 72  m).  Wear  volume  was  28.9 mm3/yr
for  the convex  surface  (SD  27.6)  and  25.5  for the  concave  surface  (SD  23.2)  with  a  mean  annual  total  wear
volume  of 54.3  mm3/yr (SD  39.6).
Discussion:  Total  wear in  the  40 dual mobility  liners  that  had  functioned  in  vivo was  similar  to  that
reported  in metal-polyethylene  bearings  with  22.2  mm  femoral  heads.  The  results  of  wear  in  both  the
convex  and  concave  surfaces  show  that  wear  with  the dual  mobility  system  was  not increased  compared
to conventional  metal-polyethylene  bearings,  while  providing  better  retention  and  greater  stability.
Conclusion:  The  use  of  dual  mobility  acetabular  liners  is an  attractive  solution  when a  metal-polyethylene
bearing  is needed.  The  increased  joint  stability  is  not  associated  with  increased  wear.
©  2013  Published  by Elsevier  Masson  SAS.. Introduction
The concept of dual mobility was developed in 1976 by Bousquet
t al. [1]. The dual mobility system includes a polyethylene liner
ith a concave surface for internal mobility and a convex surfaceor external mobility. There is a collar on the internal polyethylene
nsert that ensures retention of the head component. The pres-
nce of two levels of mobility theoretically preserves satisfactory
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ttp://dx.doi.org/10.1016/j.otsr.2013.12.011range of motion while ensuring stability and retention. The study
by Aubriot et al. [2] showed that the results with this type of dual
mobility acetabular component were promising after 5 years of
follow-up. The estimated survival of implants at 12 years in the
study by Farizon et al. [3] was  95.37% which is much better than
the results reported by Anderson et al. [4] with constrained acetab-
ular components. Leclercq et al. [5] also reported that this type of
dual mobility acetabular component can be successfully used to
treat recurrent dislocation of total hip arthroplasties (THA) and is
somewhat similar to the principle of the tripolar cup described by
Grigoris et al. [6]. At a moment when different dual mobility sys-
tems are being developed, we performed an objective evaluation
of the characteristics of wear of polyethylene liners that had been
used in vivo. Indeed, it seemed important to determine whether
the improved stability was  associated with increased wear.
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Table 1
Distribution of liners in relation to the reason for removal.
Reason for liner removal Number
Intraprosthetic dislocation 13
Isolated 8
With acetabular loosening 5
Isolated acetabular loosening 16
Bipolar loosening 1












































dFracture of the femoral component 2
Instability with non-union of the greater trochanter 1
. Materials and methods
.1. Inclusion criteria
All the components analyzed were implanted between April
981 and September 1992 and removed at the same center (Cen-
re d’orthopédie et traumatologie, CHRU de Saint-Étienne). Only
mplants that had been in place for more than three years were
ncluded in the study. The threshold of three years made it pos-
ible to exclude potentially defective components. Moreover if a
horter period had been used, manufacturing tolerances and mea-
urement errors could have masked wear. Implants that were
eat-treated after removal (resterilized) were not included because
f the changes in size that can be caused by this type of treatment.
ccording to Schmalzried et al. [7] wear is essentially a function
f activity. Components from patients who were over the age of
0 at THA were not included in the study. Indeed the activity in
xtremely elderly patients is often reduced, and components from
hese subjects could have abnormally low wear.
.2. Patients
Patient data were obtained retrospectively from the patients’
edical ﬁles. There were 21 women and 19 men. The mean age
t THA was 46 years old, (range 19–76). Two thirds of the patients
ere considered to be active at THA and one third were considered
o be sedentary. The level of activity was intense in 15% (sports
r farming). Twelve/40 interventions were for revision THA. The
tiology of primary THA was osteoarthritis of the hip in 9 cases,
septic osteonecrosis in 9, femoral fractures in 3, congenital hip
islocation in 3, inﬂammatory rheumatic disorder in 2, sequellar
roximal femoral epiphysiolysis of the hip and separation of the
mplant from the bone in one case each. The indication for dual
obility prostheses was not a potentially higher risk of disloca-
ion, because until 1998 these prostheses were used in our unit for
lmost all THA. Arthroplasties were removed after a mean 8 years
96 months) (range 36–186 months).
The reasons for surgical revision resulting in the retrieval and
nalysis of the polyethylene liners were found in the medical ﬁle
r the surgical report and are summarized in Table 1. There were
3 cases of intraprosthetic dislocation of the polyethylene liner;
ntraprosthetic dislocation was isolated in 8 cases and associated
ith acetabular loosening in 5 cases. There was isolated acetab-
lar loosening in 16 cases, femoral loosening in 5 cases, bipolar
oosening in one case, peri-prosthetic infection in 2 cases, fracture
f the femoral component in 2 cases and in one case instability
ith recurrent dislocation associated with non-union of the greater
rochanter..3. Implants
The characteristics of polyethylene wear were evaluated in 40
ual mobility polyethylene liners removed in our hospital unit.Fig. 1. Components of the dual mobility system: metal cup, polyethylene liner and
femoral head.
Three components make up a dual mobility system (Fig. 1): a) a thin
spherical concave metallic cup. In this study there were titanium
alloy cups in 4 cases, and steel 316L cups in 36 cases. Cup ﬁxa-
tion was  ensured in all cases by 2 plugs, one ischiatic and the other
pubic, and a 4.5 mm diameter screw inserted into the ilium through
anchor holes located in the upper part of the cup. All of the metallic
cups were lined with a layer of aluminium oxide which was applied
with a plasma torch. b) A high molecular weight, polyethylene liner
with a perfectly spherical exterior, for femoral head component
insertion on the interior. The entrance of the liner was smaller
than the diameter of the femoral head to ensure retention. External
and internal dual mobilities were concentric. c) The femoral head
component.
All of the polyethylene liners studied came from modular
femoral components with two  different stem designs: thirty-two
of these stems were made of stainless steel with a neck diameter
of 16 mm,  the remaining eight were titanium alloys with a neck
diameter of 13 mm.  All of the polyethylene liners had an internal
diameter which was designed to contain a 22.2 mm stainless steel
head.
None of the studied polyethylene liners had undergone heat-
treated resterilization after decontamination. Liner manufacturing
tolerance was  ± 0.05 mm in all cases. These liners and all of the
other components of the prostheses were obtained from the same
manufacturer (Serf®). All of the polyethylene liners were produced
by the manufacturer from bars of high density polyethylene. All
of these liners were made from UHMWPE polyethylene with a
molecular weight of 4.5 × 106 g/mol and a density of 0.93 g/cc3.
Sterilization was  ensured by gamma  sterilization in air at 25 kGray.
At implantation the minimum thickness of polyethylene in the lin-
ers was 6.3 mm for the smallest diameter used (41 mm diameter
cup). The maximum thickness of the polyethylene was  16.3 mm
for a metal cup of 61 mm  (Table 2).
2.4. Methods of measurement
Evaluation of the polyethylene liners included macroscopic
assessment and measurement of changes in the concave and con-
vex surfaces. Measurement of the changes in concave and convex
surface dimensions was performed according to ISO 4291 norms:
1985 in relation to methods of evaluation of departures from round-
ness and variations in radius.
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Table  2





















































3.2. Changes in the dimensions of the concave surface61 16.3 1
TOTAL 40
.5. Macroscopic analysis
Macroscopic analysis mainly involved looking for machined
rooves in the convex surface of the liner. It also included macro-
copic assessment of the retentive collar which was classiﬁed as
orn or not worn.
.6. Measurement of changes in the dimensions of the concave
urface
The diameter and the roundness of the liners was determined
ith a BHN 706, a tridimensional measurement machine equipped
ith a measurement head PH9, a TP2 probe and a 4 mm stylus
Mitutoyo America Corporation). This device, which was  attached
o a national calibration chain, included a measurement uncertainty
f ±5  m.  To study the concave surface, the liners were oriented
s shown in Fig. 2. The position of 85 points distributed through-
ut the interior of the liner was determined with a measurement
ncertainty of ± 5 m.  In the planes parallel to the XY plane, 3
eries of 16 points, were equally distributed on 360◦ and were
easured, for Z = cos 90◦, Z = cos 120◦ et Z = cos 150◦ respectively.
n the planes that were at right angles to the XY plane, 4 series
f 9 points, were also distributed equally on 180◦ and measured
or respectively X = cos 0◦, X = cos 45◦, X = cos 90◦ and X = cos 135◦.
inally the position of the pole of the liner was determined. Internal
ear and shape defects were calculated in relation to the theoreti-
al diameter provided by the manufacturer using the least squares
ethod.
.7. Measurement of changes in the dimensions of the convex
urface
The roundness of the external diameter of the liners was
etermined with a machine that measured by lateral projection,
quipped with a measurement recorder. The margin of error of this
evice was ± 5 m.  The position of the 97 points, distributed on
 equal arcs separated by 45◦ was determined with this device.
xternal wear and shape defects were calculated from a theoreti-
al diameter provided by the manufacturer using the least squares
ethod.
.8. Statistical method
The statistical analysis of the data was performed with SPSS©
oftware. The Pearson’s correlation coefﬁcient was obtained for
uantitative variables. A non-parametric test was performed for
ualitative variables using the Chi square test. P < 0.05 was  consid-




During the macroscopic analysis of convexity, machined
grooves had disappeared in 100% of the 40 liners in the study. In
16/40 cases, there was  a certain amount of wear of the retentive
collar. In 24 cases, there was no sign of macroscopic wear. All of
the liners with intraprosthetic dislocation had visible wear of the
retentive collar. The probability of presenting with intraprosthetic
dislocation was not equivalent in liners studied depending on their
size. Only one of the liners with intraprosthetic dislocation had an
external diameter of less than 49 mm (Fig. 3). In the 40 liners in the
study, intraprosthetic dislocation was more frequently the reason
for removal when the external diameter of the liner was  ≥49 mm
(Chi square test, P = 0.007).The results of wear in the concave surface took into account a
shape defect measured with a stylus probe. Concave surface wear





































eig. 3. Distribution of liners retrieved for instraprosthetic dislocation or other rea-
ons  in relation to external diameter.
as expressed by the following formula: ((Ø1 + DF) − ØTh1)/2, in
hich Ø1 was the mean internal diameter measured, DF was  the
oncave shape defect and ØTh1 was the theoretical diameter of the
oncave surface or 22.25 mm.  Mean internal wear was  0.561 ran-
ing from 0.024 to 2.726 mm,  SD 0.663 mm.  Mean annual internal
ear was 0.073, ranging from 0.002 to 0.273 mm,  SD 0.069 mm.
.3. Changes in the dimensions of the convex surface
Convex surface wear was based on the following formula:
ØTh2 − Ø2)/2, where ØTh2 was the theoretical diameter of the con-
ex surface and Ø2 was the mean external diameter measured.
ean external wear was 0.053, ranging from 0.000 to 0.143 mm,
D 0.035 mm.  Mean annual external wear was 0.009 ranging from
.000 to 0.045 mm,  SD 0.009 mm.  No difference was  found in
xternal wear between liners with a titanium cup (mean annual
ear = 0.008 mm/year) and liners with a steel cup (mean annual
ear = 0.009 mm/year).
.4. Total wear
Mean total wear was 0.625, ranging from 0.036 to 2.803 mm,  SD
.671 mm.  Mean total annual wear was 0.082 ranging from 0.002 to
.282 mm/year, SD 0.072 mm/year. There was a strong linear cor-
elation between wear of the concave surface, with a correlation
oefﬁcient of 0.996 between the two series. External wear repre-
ented a mean 16.7% of total wear. This varied considerably with a
D of 17.8 %. The correlation between external wear and total wear
as much weaker, both for annual wear or measured wear with a
inear correlation coefﬁcient of 0.13. Internal wear, external wear
nd total wear were not signiﬁcantly correlated to either the dura-
ion of implantation, or liner diameters. Table 3 shows the results
or each of the liners in the study.
.5. Wear volume
Wear volume was determined by calculating concave, convex
nd total interface wear volumes. The volume V1 of concave wear
as the difference between the volumes determined by the diam-
ters (Ø1 + DF) and ØTh1 the theoretical diameter of the concave
urface or 22.25 mm.  The volume V2 of convex wear was  the dif-
erence between the volumes determined by the diameters ØTh2,
he theoretical diameter of the convex surface and Ø2, the mean
xternal measured diameter. Mean wear volume in the middle ofFig. 4. External wear volume in relation to internal wear volume.
manufacturing tolerances was 28.9 mm3/year for convex wear (SD
27.6), 25.5 mm3/year for concave wear (SD 23.2), for a total annual
wear volume of 54.3 mm3/year (SD 39.6). Table 4 shows the results
of wear volume for each liner in the middle as well as the high and
low ranges of manufacturing tolerances. Fig. 4 shows external wear
for each liner in relation to the observed internal wear.
4. Discussion
We  report the wear observed in liners that were removed
after at least 3 years of use in vivo. The reasons for revision
were mainly mechanical failure so that the results reported
here should be taken with caution because these components
probably functioned suboptimally for at least some of the time
they were implanted. Nevertheless, this problem was limited
by only including components that had functioned for at least
three years. Because these were dual mobility components,
none of the radiographic techniques could be used to mea-
sure wear; neither classic techniques such as that suggested by
Wroblewski [8] nor that proposed by Devane et al. [9] using semi-
automatic digital contour measurement. Internal wear cannot be
differentiated from external wear with these techniques. An analy-
sis of retrieved components is the only way  to differentiate internal
from external wear.
4.1. Mobility and external wear
Complete disappearance of the machined grooves from the
entire convex surface conﬁrmed that there was movement at this
level, and that the external surface had been broken in. There was
very little external wear despite the large polyethylene surface. In
22/40 cases it was below the manufacturers’ tolerance, or 50 m.
It was not more than 45 m per year in any of the components
analyzed. This limited wear of the convex polyethylene surface sup-
ports results reported by Katayama et al. [10] in a study of heads
retrieved from THA with a rotational polyethylene head system and
a metal cup. The physicochemical analysis of these components
revealed very slight roughness on the contact surface, which for
these authors was  a result of breaking-in and explained the limited
wear observed on these convex polyethylene surfaces. Although
there was  very slight convex linear wear it was similar to the level
of concave wear expressed as wear volume, with signiﬁcant vari-
ability among the liners as shown in Fig. 4.
According to Huk et al. [11] modular THA, even those that are
not dual mobility systems, have convex polyethylene surface wear
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1 42 F 81 45 0.281 0.010 0.291 0.042 0.001 0.043
2  62 F 48 45 0.097 0.098 0.195 0.024 0.025 0.049
3  19 M 129 51 1.273 0.075 1.348 0.118 0.007 0.125
4  63 M 128 51 0.207 0.018 0.225 0.019 0.002 0.021
5  50 F 36 53 0.157 0.049 0.205 0.052 0.016 0.068
6  49 M 110 46 0.695 0.134 0.829 0.076 0.015 0.090
7  23 F 82 45 0.462 0.075 0.537 0.068 0.011 0.079
8  57 F 71 51 0.210 0.038 0.248 0.035 0.006 0.042
9  36 F 52 49 0.517 0.064 0.581 0.119 0.015 0.134
10  49 F 37 41 0.260 0.046 0.306 0.084 0.015 0.099
11  75 F 43 47 0.231 0.025 0.256 0.064 0.007 0.071
12  30 F 135 51 0.264 0.042 0.306 0.023 0.004 0.027
13  52 M 148 51 2.726 0.077 2.803 0.221 0.006 0.227
14  33 M 36 53 0.465 0.136 0.602 0.155 0.045 0.201
15  32 F 109 55 0.507 0.002 0.509 0.056 0.000 0.056
16  21 M 87 55 1.982 0.065 2.047 0.273 0.009 0.282
17  63 F 54 43 0.163 0.022 0.185 0.036 0.005 0.041
18  19 M 37 43 0.380 0.043 0.422 0.123 0.014 0.137
19  32 F 71 45 0.290 0.047 0.337 0.049 0.008 0.057
20  32 F 182 45 0.297 0.031 0.328 0.020 0.002 0.022
21  67 F 185 49 0.033 0.003 0.036 0.002 0.000 0.002
22  38 M 89 51 0.032 0.097 0.129 0.004 0.013 0.017
23  66 F 41 49 0.075 0.085 0.160 0.022 0.025 0.047
24  42 F 76 43 0.593 0.057 0.650 0.094 0.009 0.103
25  37 F 112 51 0.122 0.035 0.157 0.013 0.004 0.017
26  75 F 68 61 0.100 0.060 0.160 0.018 0.011 0.028
27  47 F 82 49 1.286 0.123 1.409 0.189 0.018 0.207
28  55 M 133 47 1.049 0.143 1.192 0.095 0.013 0.107
29  72 M 103 35 0.286 0.041 0.327 0.033 0.005 0.038
30  59 M 74 57 0.171 0.067 0.238 0.028 0.011 0.038
31  29 M 55 53 0.222 0.007 0.229 0.048 0.002 0.050
32  47 M 186 51 0.024 0.061 0.085 0.002 0.004 0.005
33  48 M 88 53 0.519 0.041 0.560 0.071 0.006 0.077
34  35 M 77 53 0.288 0.058 0.346 0.045 0.009 0.054
35  62 M 130 57 1.740 0.083 1.823 0.161 0.008 0.169
36  60 M 102 57 0.231 0.084 0.315 0.027 0.010 0.037
37  38 M 92 55 1.228 0.007 1.235 0.159 0.001 0.160
38  57 M 175 45 0.831 0.036 0.867 0.057 0.002 0.059
39  49 F 136 41 0.433 0.000 0.433 0.038 0.000 0.038
40  20 F 158 41 0.467 0.034 0.501 0.035 0.003 0.038





















iMin  19 36 0.024 0.00 
Max  76 186 2.726 0.143 
SD  16.68 45.83 0.660 0.037 
t the metallic shell-polyethylene liner interface. According to an
n vitro study by Lieberman et al. [12] this wear is greatest around
he holes for screw ﬁxation and when the ﬁxation edges pene-
rate the polyethylene. This wear is due to tiny movements at the
etal-polyethylene interface and occurs in three ways: visible but
inimal burnishing of the entire surface, gouging which is only
eally visible on the periphery of the liners and punching out which
s found across from the holes for screw ﬁxation when they are
eight bearing. This probably involves a mechanism of rubbing that
ccurs as the liners are broken in, resulting in the disappearance of
he machined grooves on the convex surface of dual mobility liners.
.2. Total wear and retentive capacity
Kusaba et Kuroki [13] reported a mean annual wear of 0.17 mm
easured by a radiographic technique in a series of 68 so-called
ipolar prostheses with a retentive collar and a 22.2 mm head.
ear in the retentive collar was also found to be greater in cases of
eri-prosthetic osteolysis. In a comparison of 19 bipolar prosthe-
es retrieved from a series of 103 Charnley prostheses reported by
roblewski, Kusaba et Kuroki [13], wear was doubled with reten-
ive systems. We therefore recommend that the use of this type
f retentive system be discontinued. In our series of dual mobil-
ty liners, despite the presence of a retentive collar, annual wear0.036 0.002 0.000 0.002
2.803 0.273 0.045 0.282
0.671 0.069 0.009 0.072
was similar to the radiographic measurements reported by Wrob-
lewski [14]. Nevertheless, it was  not possible perform a statistical
comparison of the two  series because we do not have dispersion
parameters for that series.
Mean total annual wear in our study reﬂects very different situ-
ations, with a high variability, because the standard deviation of
the entire series was  0.072 with a range of between 0.002 and
0.282 mm/year. A meta-analysis of 26 publications on wear in
polyethylene cups by Schmalzried et al. [15] also found a very high
variability in each study. If the studies that only included metal-
polyethylene liners with 22.2 mm heads were taken into account
mean linear wear in 1167 components was 0.099 mm/year with
a range of between 0 and 0.6 mm/year. Our series of 40 retrieved
components had mean wear values and ranges that were similar to
those in the meta-analysis by Schmalzried et al. [15]. Mean wear
volume, which was  54.3 mm3/year in our study, was  similar to that
in the studies by Wroblewski [8,14] of 80 and 36 mm3/year.
4.3. Retentive collar wearWe did not measure retentive collar wear in our study. When
wear is signiﬁcant, the head of the prosthesis is no longer retained,
and there is a risk of intraprosthetic dislocation, as reported by
Lecuire et al. [16]. In our series a large external diameter was
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Table 4
Annual liner wear volume.
No liner Age/
years
Gender Diam LIP Intern
mm/yr
Min Max  Extern
mm/yr
Min  Max  Total
mm/yr
Min  Max
1 42 F 45 Yes 24.05 21.17 26.93 5.27 0.00 10.55 29.32 21.17 37.48
2  62 F 45 No 4.03 0.00 8.06 57.81 42.99 72.63 61.84 42.99 80.69
3  19 M 51 No 77.02 72.64 81.79 55.59 37.01 74.18 132.8 109.65 155.97
4  63 M 51 No 8.28 6.46 10.10 1.04 0.00 2.08 9.32 6.46 12.18
5  50 F 53 No 9.84 0.00 19.68 55.74 10.77 100.71 65.58 10.77 120.38
6  49 M 46 No 31.53 29.41 33.66 34.55 28.09 41.02 66.09 57.50 74.68
7  23 F 45 No 16.65 13.80 19.50 25.93 17.26 34.61 42.58 31.07 54.10
8  57 F 51 No 15.40 12.11 18.68 20.54 7.19 33.89 35.94 19.30 52.57
9  36 F 49 Yes 38.30 33.81 42.78 42.49 25.85 59.13 80.79 59.66 101.91
10  49 F 41 No 36.78 30.47 43.08 28.72 13.25 44.19 65.49 43.72 87.27
11  75 F 47 No 13.74 8.31 19.16 18.29 0.00 36.58 32.03 8.31 55.74
12  30 F 51 No 2.42 0.69 4.15 11.64 4.62 18.66 14.07 5.32 22.81
13  52 M 51 No 58.45 56.87 60.02 19.79 13.39 26.20 78.24 70.26 86.22
14  33 M 53 Yes 40.51 23.84 57.17 156.35 82.47 230.23 196.86 106.32
15  32 F 55 Yes 23.00 20.86 25.14 4.75 0.00 9.50 27.75 20.86 34.64
16  21 M 55 No 60.06 57.38 62.75 33.53 20.60 46.46 93.60 77.99 109.20
17  63 F 43 No 15.23 10.91 19.55 11.26 0.00 22.52 26.49 10.91 42.07
18  19 M 43 No 57.56 50.49 64.63 29.44 10.05 48.83 87.00 60.54 113.46
19  32 F 45 No 21.80 18.51 25.08 19.00 8.89 29.02 40.80 27.50 54.10
20  32 F 45 No 5.14 3.87 6.42 4.89 1.01 8.78 10.04 4.88 15.20
21  67 F 49 No 0.92 0.00 1.84 2.67 0.00 5.34 3.59 0.00 7.18
22  38 M 51 Yes 1.54 0.00 3.09 41.16 30.51 51.81 42.70 30.51 54.90
23  66 F 49 No 8.53 2.70 14.36 73.71 52.08 95.34 82.24 54.78 109.70
24  42 F 43 No 40.77 37.66 43.88 19.57 11.04 28.11 60.34 48.70 71.98
25  37 F 51 Yes 6.17 4.07 8.27 12.12 3.58 20.66 18.29 7.65 28.93
26  75 F 61 No 7.58 4.15 11.01 49.95 29.10 70.80 57.52 33.24 81.80
27  47 F 49 Yes 87.50 84.70 90.46 52.27 41.59 62.95 139.85 126.28 153.41
28  55 M 47 No 15.12 13.37 16.87 33.59 27.68 39.50 48.71 41.04 56.38
29  72 M 35 Yes 18.72 16.46 20.99 17.89 6.97 28.80 36.61 23.43 49.79
30  59 M 57 Yes 13.68 10.53 16.83 44.36 27.89 60.82 58.04 38.42 77.66
31  29 M 53 No 19.36 15.12 23.60 12.23 0.00 24.47 31.59 15.12 48.07
32  47 M 51 Yes 0.84 0.00 1.68 12.51 7.41 17.60 13.35 7.41 19.28
33  48 M 53 No 28.15 25.46 30.83 19.48 7.59 31.37 47.62 33.05 62.19
34  35 M 53 Yes 14.14 11.11 17.17 30.83 17.40 44.27 44.97 28.51 61.43
35  62 M 57 Yes 73.16 71.37 74.96 31.21 21.84 40.59 104.38 93.21 115.54
36  60 M 57 No 10.91 8.62 13.19 40.26 28.31 52.20 51.16 36.93 65.39
37  38 M 55 Yes 68.54 66.03 71.05 7.74 0.00 15.49 76.28 66.03 86.54
38  57 M 45 No 20.02 18.69 21.35 8.62 2.71 14.53 28.64 21.40 35.89
39  49 F 41 No 14.64 12.93 16.36 2.11 0.00 4.21 16.75 12.93 20.57
40  20 F 41 No 8.61 7.14 10.09 4.99 1.37 8.62 13.61 8.51 18.71























tSD  23.22 22.94
Min  0.84 0.00
Max  87.58 84.70
ore frequent in cases of intraprosthetic dislocation. One possi-
le explanation is that when a force opposes the movement of the
onvex surface of the liner, its moment is proportional to the exter-
al diameter. The force necessary to overcome this resistance is
xerted on the collar and its moment depends on the diameter of
he concave surface. In our series, the diameter was 22.2 mm in all
ases. To respect equal moments, the force exerted upon the col-
ar was therefore proportional to the external diameter. At present
arger head diameters are recommended as the external diameter
ncreases. The consequences of this change have not been evalu-
ted.
. Conclusion
The results of our analysis of 40 polyethylene dual mobility
cetabular liners show that total wear was similar to that observed
n another series of metal-polyethylene liners with a 22.2 mm
iameter head component. The mean external wear is only a sixth
f total wear, with, nevertheless, a great variability of results. The
mproved stability of the retentive collar does not seem to be asso-
iated with an increase in total wear, which combines concave and
onvex wear. In the liners analyzed in this study, wear of the reten-
ive collar was found in 40% of the cases. It would be interesting
o analyze which factors are responsible for wear in the retentive23.82 27.61 17.77 39.00 39.63 31.42 51.14
1.68 1.04 0.00 2.08 3.59 0.00 7.18
90.46 156.35 82.47 230.24 196.86 126.28 287.41
collar. The added stability of the retentive collar is not associated
with an increase in total wear, and the survival curve reported by
Farizon et al. [3] was more than 95% at 12 years showing that this
type of dual mobility system provided increased stability without
signiﬁcant wear.
Disclosure of interest
Authors’ disclosure of conﬂict of interest was  not requested
when the article was originally published.
References
[1] Bousquet G, Gazielly DF, Debiesse JL, Girardin P, Relave M,  Israeli A. The ceramic
coated cementless total hip arthroplasty: basic concepts and surgical tech-
nique. J Orthop Surg Tech 1985;1:15–28.
[2] Aubriot JH, Lesimple P, Leclerq S. Étude du cotyle non scellé de Bousquet dans
cent prothèses de hanche hybrides. Acta Orthop Belg 1993;59:267–71.
[3] Farizon F, De Lavison R, Azoulay JJ, Bousquet G. Results with a cementless
alumina-coated cup with dual mobility. Int Orthop 1998;22:219–324.
[4] Anderson MJ,  Murray WR,  Skinner HB. Constrained acetabular components. J
Arthroplasty 1994;9:17–23.[5] Leclercq S, El Blidi S, Aubriot JH. Traitement de la luxation récidivante
de  prothèse totale de hanche par le cotyle de Bousquet. Rev Chir Orthop
1995;81:389–94.
[6] Grigoris P, Grecula MJ,  Amstutz HC. Tripolar hip replacement for recurrent








polyethylene wear in vivo. Commentary. J Bone Joint Surg Am 1998;80:P. Adam et al. / Orthopaedics & Trauma
[7] Schmalzried TP, Shepherd EF, Dorey FJ, Jackson WO,  De la Rosa M, Fa’vae F,
et al. The John Charnley Award. Wear is a function of use, not time. Clin Orthop
2000;381:36–46.
[8] Wroblewski BM.  Direction and rate of socket wear in Charnley low-friction
arthroplasty. J Bone Joint Surg Br 1985;67:757–61.
[9] Devane PA, Bourne RB, Rorabeck CH, Hardie RM,  Horne JG. Measurement of
polyethylene wear in metal-backed acetabular cups. I. Three dimensional tech-
nique. Clin Orthop 1995;319:303–16.
10] Katayama K, Maezawa H, Uesato N, Sasada T. Physicochemical and biomechan-
ical  examination of surfaces of retrieved polyethylene heads from total hip
prostheses with rotating polyethylene head system. J Orthop Sci 2001;6:503–9.
11] Huk OL, Bansal M,  Betts F, Rimnac CM, Lieberman JR, Huo MH, et al. Polyethylene
and  metal debris generated by non-articulating surfaces of modular acetabular
components. J Bone Joint Surg Br 1994;76:568–74.
[: Surgery & Research 100 (2014) 85–91 91
12] Lieberman JR, Kay RM,  Hamlet WP,  Park SH, Kabo JM.  Wear of the polyethylene
liner-metallic shell interface in modular acetabular components. An in vitro
analysis. J Arthroplasty 1996;11:602–8.
13] Kusaba A, Kuroki Y. Wear of bipolar hip prostheses. J Arthroplasty
1998;13:668–73.
14] Wroblewski BM.  15–21 year results of the Charnley low-friction arthroplasty.
Clin Orthop 1986;211:30–5.
15] Schmalzried TP, Dorey FJ, Mckellop H. The multifactorial nature of1234–42.
16] Lecuire F, Benareau I, Rubini J, Basso M.  Luxation intra-prothétique dans
la  cupule à double mobilité de Bousquet. Rev Chir Orthop 2004;90:
249–55.
